In 1921 Oliver and Wherry described ail anaerobic, gram-negative, black pigment-producing rod isolated from human mucous membranes, tonsils, infected surgical wounds, urine, and feces. Since the black pigment formed by the organism growing on blood agar was believed to be melanin, the organism was named Bacterium melaninogenicum. This proved an unfortunate epithet, for Schwabacher, Lucas, and Rimington (1947) demonstrated that the pigment was not melanin, but rather a hematin derivative, and therefore suggested changing the name to Bacterium nigrescens. However, Breed, Murray, and Smith (1957) pointed out that renaming of the species is contrary to the international rules of nomenclature, and concluded that the name Bacteroides melaninogenicus has priority.
Throughout the years, the organism has attracted the interest of a number of investigators; it has been isolated from, and associated with a variety of mixed anaerobic infections (Burdon, 1928; Cohen 1932; Weiss, 1943; Hite, Locke, and Hesseltine 1949; Macdonald et al., 1956) . Detailed investigations concerning the biochemical and pathogenic capacities of the organism have been hampered, however, by difficulties in growing many strains in pure culture. It has been reported that blood or hematin enhances growth (Oliver and Wherry, 1921; Evans, 1951; Senos and Mattman, 1955) , but in order to maintain many strains, it has been necessary to cultivate them in association with other bacteria (Burdon, 1928; Cohen, 1932) . Macdonald, Sutton, and Knoll (1954) demonstrated the microbial production of a filterable growth factor which facilitated cultivation of one strain of Bacteroides melaninogenicus. Preliminary studies to elucidate the nature of the growth factor involved revealed that it was heat labile, dialyzable, and ether extractable from suitable culture filtrates. Recently Lev (1958 Lev ( , 1959 demonstrated that a rumen strain of Fusiformis nigrescens (B. melaninogenicus) required menadione or other analogues of vitamin K. As a result, menadione and a group of related naphthoquinones were tested for their ability to support. growth of oral strains of B. melaninogenicus. This.
paper presents the results of such experiments.
METHODS
Organism. B. melaninogenicus was isolated from human gingival scraping streaked on heart. infusion agar (Difco) containing 10 per cent. (v/v) defibrinated horse blood. Anaerobiosis was. obtained using Brewer jars which were evacuated and filled with 95 per cent hydrogen, 5 per cent carbon dioxide. Incubation was carried out at 37 C for 5 to 7 days. Typical black colonies of the organism growing in association with, or adjacent to, other bacterial colonies were picked and streaked on the above medium to obtain pure cultures. A culture of Staphylococcus aureus was cross-streaked on these plates to provide a source of "growth factor."
Seven of fourteen strains isolated in this manner grew as satellites adjacent to S. aureus (figure 1). The remaining strains differed in that they grew independently on blood agar, and did not require a "growth factor" source.
Assay media. Trypticase soy broth (BBL) containing 0.05 per cent sodium thioglycolate was used to determine the hemin requirement. Preliminary experiment suggested that the addition of sodium bicarbonate hastened growth and improved reproducibility; thus sufficient filtersterilized NaHCO3 was aseptically added to the autoclaved medium to make the final concentration 0.012 M. The source of growth factoremployed in these experiments was a 48-hr peptone broth culture of S. aureus. The culture 164 was centrifuged to remove the cells, and the filtrate sterilized by filtration through a UF fritted glass filter. Sufficient filtrate was added aseptically to the medium to make the final concentration 5 per cent (v/v).
As plant materials are known to possess vitamin K, the medium used to determine the growth promoting properties of the compounds tested was modified from the above in that yeast extract (Difco) was substituted for phytone, and 5 ,ug crystalline hemin (Nutritional Biochemicals Corporation) per ml medium were included.
Preparation of test compounds. Stock solutions of 500 j,g per ml of the test compounds were made in either ethanol or distilled water. All further dilutions were with distilled water. Light sensitive materials were stored in bottles wrapped with aluminum foil. Compounds known to be heat stable were sterilized separately by autoclaving at 115.5 C (10 lb) for 10 min; all others were filter sterilized. Each was assayed at a concentration of 8 ,g, 1 ,ug, and 0.2 ,ug per ml medium unless otherwise noted.
Preparation of inocula. All inoctula used for assays were prepared as follows. A sample of a 5-to 7-day broth culture was washedl three tinmes with freshly boiled and cooled 0.067 -i phosphate buffer (pH 7.2) containing 0.1 per cenit (w/v) sodium thioglycolate. The cells ere then suspended in a v-olume of buffer equal to the original sample, and 0.05 ml of the resulting suspension used to inoculate each tube. Incubation was at 37 C for 3 to 5 days using anaerobic methods as described. Growth was measure(l turbidimetrically at 690 m,u (minimal absorption band for hemin) using a Beckman model B3 spectrophotometer.
RESULTS
Henmin requirement. It was frequently observed that the organism grew wvell when transferred from blood agar plates to broth containing S. aureus filtrate, but successive transfers in the same medium resulted in little or no growth. Since hematin was reported to be required for somlle strains (Evans, 1951) , the response of the 1960] organism to gradient amounts of crystalline hemin was determined. The results are shown in figure 2. It may be seen that growth of the bacterium was roughly proportional to the hemin concentration over a range of from 0.05 to 1.0 ,ug hemin per ml medium. Growth in the medium free of hemin was fair (OD approximately 0.2), but when transferred to fresh medium lacking hemin, little, if any, turbidity developed. Control transfers to hemin containing media always resulted in good growth. Twelve of fourteen strains responded in this manner regardless of whether they required "growth factor" in addition; the remaining two strains apparently did not require hemin.
Replacement of "growth factor" with compounds of the vitamin K group. To determine whether menadione would substitute for the "growth factor" requirement of oral strains of B. melaninogenicus, the response of a dependent strain to gradient quantities of menadione was assayed. The results (figure 3) indicate that this compound was able to replace the staphylococcal filtrate required for growth. As little as 0.08 to 0.10 ,ug menadione per ml medium seemed adequate for maximal growth. Comparable results were obtained with all other "growth factor" dependent strains. At this level, menadione exerted no effect on growth of independent strains.
Additional compounds of the vitamin K group were then assayed for their ability to support growth of a dependent strain. In addition to menadione, vitamins K1, K5, menadione bisulfite, and phthiocol supported growth.
To ascertain the specificity of the organism's requirement, a variety of naphthoquinones and related compounds were tested. The results indicate that naphthalene derivatives possessing an oxygen, hydroxyl, or carboxyl group in the a-position will satisfy the requirement of the organism (Macdonald et al., 1960) . This is supported by the observation that a-naphthol, atetralone, and a-naphthoic acid supported growth, whereas naphthalene, (-naphthol, 1-methyl naphthalene, and 1-amino naphthalene were ineffective. Additional chemical groups in the 2, 3, or 4 positions on the naphthalene ring did not appear to interfere, for 2,3-dichloro-1,4-naphthoquin- one, 1, 2-naphthoquinone, 1, 3-naphthalenediol, and 1, 2-naphthoquinone-4-sulfonic acid were effective in supporting growth. Chemical groups on the second ring seemed to impair utilization of the compound, however, for 1-naphthol-3, 6-disulfonic acid was ineffective, and 1, 5-naphthalenediol supported growth only at concentrations 50 times greater than that of menadione.
No single ring compounds assayed were found to support growth of B. melaninogenicus. Included were benzoquinone and hydroquinone, and compounds likely to be intermediates in the biosynthesis of naphthoquinones, such as salicylic acid, phthalic acid, and y-phenyl-n-butyric acid.
The sole three-membered ring compound tested, 2-methyl anthraquinone, was found not only ineffective in supporting growth, but highly inhibitory; a concentration of 1.0 ug per ml completely inhibiting growth even in the presence of 1.0 ,ug per ml menadione.
Dicumarol, a naturally occurring metabolic antagonist of vitamin K, was tested for inhibitory action on B. melaninogenicus. The results (figure 4) indicate that dicumarol was inhibitory for growth, and that the inhibition was partially reversed by menadione. The compound appears to act competitively, for the ratio of dicumarol to menadione required to produce 50 per cent inhibition under the conditions employed was approximately 7, whether the dicumarol concentration was 1.0 ,ug or 5.0 ,ug per ml. These results agree with Lev (1959) , who found dicumarol to be a competitive inhibitor for a rumen strain of B. melaninogenicus.
Production of growth promoting compounds by the oral microbiota. To ascertain if the oral microbiota provides growth promoting compounds required for B. melaninogenicus, in vivo, samples of whole saliva were centrifuged to remove bacteria and debris, and sterilized with ethylene oxide. Pure salivary secretion was obtained by cannulation of the parotid duct and treated in a like manner. Both samples were tested for growth promoting activity at a concentration of 20 per cent (v/v) . genicus, but those containing pure salivary secretion were ineffective.
Since many bacteria are known to produce compounds of the vitamin K group (Dam, 1942) , and since a number of organisms from the oral cavity have been shown to possess "growth factor" activity (Macdonald et al., 1956) , it seems likely that microorganisms were responsible for the activity possessed by whole saliva.
DISCUSSION
The literature concerning growth of B. melaninogenicus is full of conflicting reports. MIost investigators reported blood to be stimulatory for growth and this is substantiated by the finding that 12 of 14 strains required hemin. In addition to hemin, however, half of the isolates obtained grew only in association with other bacteria or when provided with menadione. There are, then, at least two distinct types; the first or dependent type requiring menadione and usually hemin, and the second, or independent type requiring hemin but not menadione for growth. Recognition of these entities eliminates much confusion in the literature, for some investigators (Oliver and Wherry, 1921;  Burdon, 1932; Schwabacher et al., 1947; Evans, 1951; Senos and Mattman, 1955) cultivated the organism on media supplemented with blood preparations, whereas others (Burdon, 1928; Cohen, 1932; Macdonald et al., 1954) were only able to grow the bacterium in association with other microorganisms. In addition to distinct nutritional requirements, preliminary studies suggest that there may be further physiological differences between these types, for six of seven dependent strains from the oral cavity failed to ferment any of a variety of carbohydrates, whereas seven of seven independent strains proved fermentative. Additional information concerning the biochemistry of these organisms will appear in a later communication.
As the bacterium is obligately anaerobic, the requirement for hemin is unusual. Hemin is believed to serve as a prosthetic group for respiratory systems possessed typically by aerobic and facultative organisms. Recently cytochrome systems have been demonstrated in anaerobic photosynthetic bacteria (Vernon and Kamen, 1954) and in anaerobic sulfate reducing bacteria (Postgate, 1954; Adams and Postgate, 1959; Hayward and Stadtman, 1959) . They have been shown to participate in electron transfer to photochemically generated hydrogen acceptors in the former organisms (Vernon and Kamen, 1954) , and to sulfate and related compounds in the latter organisms (Postgate, 1956) . Under the cultivation conditions employed for B. melaninogenicus in the present investigation, neither of these activities was possible. It is of interest also that all strains of B. melaninogenicus in the present study failed to reduce nitrate. Although hemin presumably is employed by this organism for electron transport, its functional role is obscure, and appears worthy of further study. Since the black pigment formed by the bacterium is a hemin derivative (Schwabacher et al., 1947) , and the extent of production is dependent upon the amount of hemin present in the medium, it is tempting to speculate that pigment formation represents a storage mechanism for this required nutrient. The observation that deeply pigmented colonies picked from blood agar plates develop well when initially transferred to hemin-free media, but fail to grow upon subsequent transfer, supports this view.
Although many bacteria are known to synthesize vitamin K, relatively few are known which require or are stimulated by it. This vitamin has been shownto participate in the electron transport systems involved in oxidative phosphorylation in mitochondrial preparations (Beyer, 1958) and in extracts of Mycobacterium phlei (Brodie, Weber, and Gray, 1957) . It would seem probable that it also functions in the electron transporting systems of B. melaninogenicus, although these presumably could not be of an oxidative nature. This bacterium thus appears to be a useful tool for the elucidation of additional functions of vitamin K in microorganisms.
The possibility of developing a microbiological assay for vitamin K activity has recently been proposed by Glick, Zilliken, and Gyorgy (1959) for a strain of Lactobacillus bifidus stimulated by compounds of the vitamin K group, and by Lev (1959) for a rumen strain of B. melaninogenicus requiring such compounds for growth. Studies on the latter organism were restricted mainly to compounds known to possess vitamin K activity for higher forms, whereas L. bifidus was found to be stimulated by 1, 4-naphthoquinones in general. Phthiocol, a compound possessing vitamin K activity for animals was not assimilated by either of these organisms. The bacterium employed in the present investigation was found to require only a naphthalene ring structure with an oxygen, hydroxyl, or carboxyl group in the a-position. Because of this lack of specificity, this organism would not appear to be useful for assay of vitamin K activity in crude materials.
SUMMARY
Twelve of fourteen strains of Bacteroides melaninogenicus isolated from the oral cavity were found to require hemin for growth. Half of these isolates also required a diffusable growth factor produced by certain microorganisms, notably Staphylococcus aureus. Compounds of the vitamin K group and naphthalene derivatives possessing an oxygen, hydroxyl, or carboxyl group in the a-position effectively replaced the growth factor in the nutrition of the organism. Growth promoting activity was also found to be present in whole saliva of man but not in cannulated parotid secretion.
